Background: To describe the long term outcome of patients who interrupted highly active antiretroviral therapy (HAART) once, identify the variables associated with earlier need to re-start HAART, and the response when therapy was resumed. A retrospective observational cohort of 66 adult patients with HIV-1 infection who interrupted HAART with a CD4+cell count ≥350 cells/μL and undetectable viral load (VL) was performed. The pre-established CD4+ cell count for restarting therapy was 300cells/μL. Cox regression was used to analyse the variables associated with earlier HAART reinitiation. Results: The median follow-up was 209 weeks (range, 64-395). Rates of HIV-related or possible HIV-related events were 0.37 (one case of acute retroviral syndrome) and 1.49 per 100 patient-years, respectively. Two patients died after re-starting therapy and having reached undetectable VL. Three patients suffered a sexually transmitted disease while off therapy. Fifty patients (76%) resumed therapy after a median of 97 weeks (range, 17-267). Age, a nadir of CD4+ <250 cells/μL, and a mean VL during interruption of >10,000 copies/ml were independent predictors for earlier re-start. The intention-to-treat success rate of the first HAART resumed regimen was 85.4%. There were no differences by regimen used, nor between regimens that were the same as or different from the one that had been interrupted. Conclusions: Our data suggest highly active antiretroviral therapy may be interrupted in selected patients because in these patients, when the HAART is restarted, the viral and clinical response may be achieved.
Background
High active antiretroviral therapy (HAART) has completely changed the prognosis of HIV infection [1] . Although nowadays HAART is recommended as a life-long therapy [2] [3] [4] , interruptions of therapy in patients with undetectable HIV viral load (VL) while on therapy have been evaluated, both as fixed periods with and without therapy (structured interruptions) and as a strategy in which therapy is re-started after interruption when the CD4+ lymphocyte count diminish below a predetermined level (CD4+ guided interruptions). A metaanalysis concluded that structured interruptions had not demonstrated short-term safety; and long term data were lacking for CD4+ guided interruptions [5] . Results from a later meta-analysis suggested that interruption strategies are associated with a low risk of death or aidsdefining events, although the risk is not significant if the threshold for restarting HAART is established at a relatively high level of CD4+ cell count [6] .
Beyond pre-established strategies, interruption of HAART are more frequent that desired due to different reasons [7] , such as patient's decision to stop therapy, reluctance to alternatives in the event of intolerance to the current regimen, etc. When an interruption occurs, questions about the short and long term risk of complications, and the probability of reaching virologic and immunologic control once therapy is re-started frequently arouse.
The objectives of this study were to describe the very long term outcome of patients who interrupted HAART for ≥3 months while being in good immunologic condition and with undetectable VL, to evaluate the variables associated with an earlier need to re-start therapy, and to analyse the virologic and immune response to the reintroduction of HAART.
Patients and methods

Study design
A retrospective cohort analysis was performed. Patients were considered eligible if included in Hospital Universitario Virgen Macarena cohort of adult patients (age >18 years) patients with chronic HIV-1 infection, and had interrupted the antiretroviral drugs for at least 12 weeks between January 2001 and December 2004. Only patients who interrupted a stable HAART regimen while clinically stable, with undetectable VL (<50 copies/mL) and stable CD4+ cell count ≥350/μl for the last 6 months were included.
Patients were visited at least every 12 weeks. In all routine visits, a clinical examination and routine blood tests including a CD4+ cell count and RNA HIV-1 viral load testing (Amplicor HIV-1 Monitor Test version 1.5, Roche Diagnostic System) were performed. Decisions about restarting HAART were discussed in every visit with the patients; the following criteria were preestablished as indications to reinitiate therapy: CD4+ cell count < 300 cells/μL (the attending physicians had previously agreed to consider this CD4+ count threshold for resuming therapy), pregnancy, acute retroviral syndrome, thrombocytopenia, and any other B or C event [8] . Data were collected from the structured charts until death or lost to follow-up, and patients were censored in October 2008 to perform this analysis.
The study was approved by the Ethic Committee from Hospital Universitario Virgen Macarena. The need to obtain written consent informs was waived because of the retrospective nature of the study.
Variables and definitions
From all patients, the following variables were collected: age, gender, ethnics, risk behaviours, number of years since the diagnosis of HIV infection, toxic habits, HCV and HBV coinfection, HIV category before interruption, CD4+ cell nadir and in the interruption, number and duration of HAART regimens, previous virologic failures, and previous available resistance-related mutations.
The main endpoints of the study were the occurrence of HIV-related or possibly related events and death from any cause. The following events were considered HIVrelated: acute retroviral syndrome, all B events according to 1993 CDC classification [8] , and all aids-defining events from the 2008 CDC classification [9] . The following were considered as possibly HIV-related: bacterial pneumonia, any type of malignancy, thrombocytopenia, and death from any cause except if clearly unrelated to HIV, its complications or its influence on other conditions. All other events were considered as non HIV-related.
Secondary end-points were: time until HAART was restarted and response to HAART after interruption. The latter was defined as failure in an intention to treat analysis if any of the following circumstances occurred: undetectable VL (<50 copies/ml) had not been reached in the visit when the HAART regimen was changed or at the end of follow-up [10] , the HAART regimen had to be changed because of intolerance, death from any cause, or HIV-related events [8, 9] . Otherwise it was considered successful. Virologic failure was also analysed per protocol in patients who did not change the HAART regimen because of intolerance. Adherence to therapy was measured by the SMAQ3 questionnaire [11] .
Statistical analysis
Time until reinitiation of HAART was studied using Kaplan-Meier curves. The crude association between exposure to the different variables and the time until restart of therapy was studied by the log-rank test. Multivariate analysis was peformed by Cox regression. Analysis were performed with SPSS 15.0.
Results
We included 66 patients. Their features are summarised in Table 1 . The reasons for treatment interruption included: proposal of the attending physician, patient´s ance and poor adherence ( Table 1 ). The median followup from HAART interruption was 209 weeks (range, 64-395), with a total of 287 patients-year. Over the study period, 3 patients (4.54%; 1.04 events per 100 patients-year) developed HIV-related events (an acute retroviral syndrome and two thrombocytopenias during HAART interruption); no patient developed any C event. Three patients (4,54%; 1.39 events per 100 patients-year) developed 4 events possibly related to HIV ( Table 2) ; 2 of them occurred during HAART interruption (2 bacterial pneumonia) and other 2 after HAART was restarted, in both cases when undetectable VL has been reached (decompensation of liver cirrhosis due to HCV 23 weeks after restart; and Hodgkin disease, 100 weeks after restart; both patients died as a consequence of the events; both patients had stopped HAART on their own). Other non HIV-related events (all happened during interruption) were: 2 acute hepatitis due to VHA (probably sexually transmitted), one urethritis due to Neisseria gonorrhoeae, one pyelonephritis due to Escherichia coli, and one hypertensive crisis. There were no other cardiovascular events. If all potentially HIVrelated events were counted including those occurring after HAART was resumed, the rate of events would be 1.64 events per 100 patients-year (follow up included the time after therapy resume).
At the end of the study period, 50 patients (76%) had restarted HAART. The median duration of interruption was 97 weeks (range, 17-267). The probability of remaining without HAART is shown in Figure 1 . The evolution of CD4+ cell count and VL during the interruption is shown in Figure 2 . A nadir CD4+ cell count <250 per μl (p<0.001), and category B or C (p=0.003) were associated with shorter period of interruption in the crude analysis; these variables were included in the multivariate analysis together with age, and mean VL during interruption >10.000 copies/ml (since the p value for the latter was <0.1). By a backward process, the variables selected as predictors of shorter time of interruption were: higher age (HR per year = 1.07; 95% CI: 1.02-1.12; p=0.002), a nadir CD4+ cell count <250 per μl (HR = 3.70; 95% CI: 1.92-7.14; p <0.001) and mean VL during interruption >10.000 copies/ml (HR = 3.51; 95% CI: 1.56-7.14; p=0.002). The remaining variables were not associated with shorter period of interruption in the crude analysis either with the time from resuming therapy to reach undetectable load.
In the analysis of response to restarted HAART, we excluded 2 patients whose follow up at the end of study period was <12 weeks; thus, 48 patients were evaluated. Among them, the median follow-up after HAART restarted was 101 weeks (range, 12-254). The median CD4+ cell count when HAART was restarted was 266 (range, 40-999), and the median VL was 51.400 copies/ml (range, 50->100.000). The probability of remaining with detectable HIV-1 viral load (>50 copies/ml) after reinitiating antiretroviral therapy is shown in Figure 3 .
The main reason for restarting HAART was the decrease in the CD4+ cell count in 43 patients (88%), HIV-related or possibly related events in 3 (6%), patient's request in 2 (4%), and pregnancy in 1 (2%). As explained above, there were no B o C events after HAART was restarted, and 2 patients died ( Table 2 ).
All patients received 2 nucleoside or nucleotide reverse transcriptase inhibitors (NRTI) plus another drug: a non-nucleoside reverse transcriptase inhibitor (NNRTI), 25 patients; a boosted protease inhibitor (PI), 17 patients; or another drug, 4 patients. In an ITT analysis, the success rate were 84%, 88.2% and 100%; the differences between groups were not statistically significant (p value for NNRTI vs PI, 0.7).
The initial regimen was based on the same groups of drugs than the one that was interrupted in 25 patients (52%). Among them, 16 received an initial regimen based on NNRTI; 14 reached undetectable VL, one was changed to PI because of intolerance, and the other was changed to PI because of virologic failure (a genotypic study could not be performed because the VL was always <500 copies/ml). Eight received an initial regimen based on PI; 7 reached undetectable VL and the other was changed because of intolerance. The other patient was treated with 3 NRTI and reached undetectable VL.
The initial regimen was based on a different group of drugs than the one that was interrupted in 23 patients. Among them, the initial regimen after interruption was based in a NNRTI in 9 patients; 7 of them reached undetectable VL, one was changed because of intolerance, and the other needed to be changed to a PI-based regimen because of virologic failure; genotypic test could not be performed. Nine received an initial regimen based on PI; 8 reached undetectable VL, and one failed; mutations found were 62V, 75I, 118I, and 184I (reverse transcriptase gene) and 77I (protease gene). This patient had a low adherence and was still in virologic failure at the end of follow-up. The 4 patients with regimens base on other drugs reached undetectable VL.
In an ITT analysis, we found no difference between patients who restarted HAART with a regimen based on the same families of drugs that had been interrupted and those who restarted with a different regimen (success rate, 88% vs 91%, p=0.7).
The evolution of CD4+ cells is shown in Figure 4 . In patients with 96 week follow up after resuming the therapy, the median CD4+ cell count was 727 cells/ml when HAART was interrupted, and 529 cells/ml at 96 week after HAART was restarted (p=0,001). 
Discussion
Our study show that long term prognosis of patients who interrupted HAART once for more than 12 weeks, while being in a stable situation, and with the intention to restart HAART once CD4+ cells were ≤300 per μL was good, although some considerations need to be done. The hypothesis for investigating HAART interruptions as a strategy included: the potential effect of viral rebound in stimulating the immunologic response against HIV, and the potential reduction in HAART-related adverse events, in the fatigue of patients, and in the costs of therapy. Structured treatment interruptions, with fixed cycles on and off therapy, have not demonstrated a comparable short-term safety in comparison with continuous treatment [5] . On the other side, CD4+−guided interruptions have been investigated both in randomised clinical trials and cohort studies. A recently published meta-analysis considered 7 randomised clinical trials (although only the 4 of them with >100 patients-year of follow-up were actually included), and 11 cohort studie [6] . Even though the heterogeneity of the studies and the possibility of a publication bias limit the conclusions of the meta-analysis, the results suggest that the risk of events (including aids-defining events and deaths) were higher in patients with interruptions; however, the effect was small (one death per 100 patients-year). In the cohort studies, the rate of events ranged between 0 (8 studies) and 3.2 per 100 patients-year, and was higher when HAART was restarted with <250 CD4+cells per μl. Thus, structured interruptions of HAART are not recommended out of well-controlled research studies [10]. However, a recent study suggested that CD4+ cellguided treatment interruptions may be safe [12] . To our knowledge, our study includes the more prolonged follow-up, and we could not detect any aids-defining event; the rate of HIV-related events is intermediate among the published cohorts. However, it should be noted that our patients only interrupted HAART once.
Two patients in our cohort died. Both had interrupted HAART on their own, and both reached undetectable VL after restarting therapy. However, one developed a Hodgkin's lymphoma, and the other had a decompensation of HCV-related liver cirrhosis. Since non-aidsdefining malignancies and progression of HCV-related liver fibrosis are conditions in which HAART may have a preventive role (though the issue is controversial), this should be considered in the case of an interruption. Also, the fact that the CD4+ cell count level at the interruption was not reached again after therapy was resumed, is another aspect to be considered.
The interruptions analysed in our study occurred in a specific context in the history of HAART: the previous hypothesis that HIV infection could be cured was proved false; the late side effects of some drugs were emerging; and the alternative regimens were scarce. Obviously, the context today is different. However, based on the long term follow-up of our series, and since still most present regimens are based on 2 NRTI plus a NNRTI or PI, we think our data may be useful in the decision-making process and advice to patients when an interruption of HAART has happened or is being discussed. The variables associated to a shorter time for restarting HAART (higher age, CD4+ nadir <250 cells/ μL, and a higher VL during the interruption) are sound and in agreement with previous investigations [13] [14] [15] [16] , and may be used to identify patients who would need a more close follow-up.
A key question in patients who interrupt HAART is the possibility of HIV transmission [17] . In our series, and even though this aspect had been specifically discussed with all of them, 3 of our patients suffered a sexually transmitted disease, indicating that they may have also transmitted HIV during the same risk practise. There is no doubt that this is a very important issue to consider and discuss in the cases of interruptions.
One potential worry after an interruption is whether the probability of reaching again virologic control is compromised. The vast majority of our patients succeeded in controlling VIH replication, although undetectable VL was reached somehow late in many patients. Even though the number of patients is low, we did not find differences between NNRTI-and PI-based regimens, or if the regimen was similar to the one that was interrupted or not. Interruptions of NNRTI-based regimens has been associated to selection of mutations conferring resistant to these drugs in previous studies, although this may be more frequent in the case of multiple interruption [18, 19] In our study, only one patient among the 16 who interrupted and restarted a NNRTIbased regimen showed a virologic failure (mutations cannot be studied).
Our study has several limitations that should be considered. First, it was performed in only one center. Second, metabolic parameters, inflammation markers or cardiovascular risks were not assessed, therefore potential implications of the HAART interruption related to these items could not be analysed. And third, we could not compare the data with a control group of matched patients who continued therapy.
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